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GROOVES

(57) A method of forming a component. The method
includes applying a thermal barrier coating to the com-
ponent to facilitate decreasing heat transfer to the com-
ponent, wherein the thermal barrier coating includes at
least one thermal insulating layer and a metallic bond
coat layer in contact with an outer surface of the compo-
nent. The method also includes forming a plurality of
grooves in the at least one thermal insulating layer of
the thermal barrier coating to facilitate increasing a strain
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tolerance of the thermal barrier coating, wherein each of
the plurality of grooves extends a depth into the at least
one thermal insulating layer. The method further includes
depositing a material within the plurality of grooves to
facilitate increasing an amount of thermal protection of
the metallic bond coat layer within those areas of the
thermal barrier coating in which the plurality of grooves
are formed.
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Description
BACKGROUND

[0001] The presentdisclosure relates generally to ther-
mal protection coatings for use with turbine engine com-
ponents, and, more specifically, to methods for deposit-
ing material into strain tolerance grooves of a thermal
barrier coating applied to turbine engine components.
[0002] Turbine engines, such as gas turbine engines
and/or steam turbine engines, are widely used in indus-
trial and power generation operations. Known turbine
engines are subj ected to prolonged high temperatures,
which over time may lead to deformation of the compo-
nents of the turbine engines. To protect the components
from the heat, at least some known turbine engine com-
ponents include a thermal barrier coating. Typically, the
thermal barrier coating on a turbine engine component
includes one or more thermal insulating layers, as well as
ametallic bond coat layer that extends directly across the
base metal of the component.

[0003] Tofacilitateimproving the strain tolerance of the
coating, atleast some known thermal barrier coatings are
formed with strain tolerance grooves that extend across
the turbine engine component. However, the presence of
such grooves may result in a decreased thermal barrier
coating thickness at the locations of each formed groove
on the turbine engine component. Thus, oxidation and
degradation of the metallic bond coat layer may be more
likely to occur within or proximate to the strain tolerance
grooves when exposed to the high operation tempera-
tures at these locations. Accordingly, there exists a need
for methods to deposit additional material into strain
tolerance grooves of a thermal barrier coating to facilitate
improving the overall thermal protection of the turbine
engine components.

BRIEF DESCRIPTION

[0004] Inoneaspect, amethod of formingacomponent
is provided. The method includes applying a thermal
barrier coating to the component to facilitate decreasing
heat transfer to the component, wherein the thermal
barrier coating includes at least one thermal insulating
layer and a metallic bond coat layer, wherein the at least
one thermal insulating layer extends across the metallic
bond coat layer and wherein the metallic bond coat layer
is in contact with an outer surface of the component. The
method also includes forming a plurality of grooves in the
atleast one thermal insulating layer of the thermal barrier
coating to facilitate increasing a strain tolerance of the
thermal barrier coating, wherein each of the plurality of
grooves extends a depth into the at least one thermal
insulating layer. The method furtherincludes depositing a
material within the plurality of grooves to facilitate in-
creasing an amount of thermal protection of the metallic
bond coat layer within those areas of the thermal barrier
coating in which the plurality of grooves are formed.
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[0005] In another aspect, a method of fabricating a
turbine engine component is provided. The method in-
cludes applying a thermal barrier coating to the compo-
nent to facilitate decreasing heat transfer to the compo-
nent, wherein the thermal barrier coating includes atleast
one thermal insulating layer and a metallic bond coat
layer, wherein the at least one thermal insulating layer
extends across the metallic bond coat layer and wherein
the metallic bond coat layer is in contact with an outer
surface of the component. The method also includes
forming a plurality of grooves in the at least one thermal
insulating layer of the applied thermal barrier coating to
facilitate increasing a strain tolerance of the thermal
barrier coating, wherein each of the plurality of grooves
extends into a depth into the at least one thermal insulat-
ing layer to a groove bottom along a line perpendicular to
the metallic bond coat layer. The method further includes
depositing a material within the plurality of grooves to
facilitate increasing an amount of thermal protection of
the metallic bond coat layer that is proximate to the line of
extension of each of the plurality of grooves.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a schematic illustration of an exemplary
turbine engine component including a thermal bar-
rier coating.

FIG. 2 is a schematic illustration of an exemplary
turbine engine component, including a thermal bar-
rier coating formed with a plurality of strain tolerance
grooves in a first layer of the thermal barrier coating.

FIG. 3 is a schematic illustration of an exemplary
turbine engine component, including a thermal bar-
rier coating formed with a plurality of strain tolerance
grooves in the first layer and a second layer of the
thermal barrier coating.

FIG. 4 is a schematic illustration of an exemplary
turbine engine component, including a thermal bar-
rier coating formed with a plurality of strain tolerance
grooves in the first and second layers of the thermal
barrier coating and in contact with a metallic bond
coat layer of the thermal barrier coating.

FIGS. 5A and 5B are schematic illustrations of the
turbine engine component of FIG. 2, including a
material deposited into the plurality of strain toler-
ance grooves.

FIGS. 6A and 6B are schematic illustrations of the
turbine engine component of FIG. 3, including a
material deposited into the plurality of strain toler-
ance grooves.
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FIGS. 7A and 7B are schematic illustrations of the
turbine engine component of FIG. 4, including a
material deposited into the plurality of strain toler-
ance grooves.

DETAILED DESCRIPTION

[0007] The embodiments described herein relate to
methods for use in depositing material into strain toler-
ance grooves of a thermal barrier coating to facilitate
improving the thermal protection of the turbine engine
components.

[0008] The methods described herein facilitate the
thermal protection of turbine engine components. The
advantages of the methods described herein include, at
least: (i) improved thermal protection of a turbine engine
componentdue to athermal barrier coating protecting the
component from heat damage; (ii) improved strain toler-
ance of the thermal barrier coating on the turbine engine
component due to the grooves in the thermal barrier
coating; and (iii) improved thermal protection of the tur-
bine engine component due to the material deposited into
the strain tolerance grooves of the thermal barrier coating
to reduce the oxidation and degradation of a metallic
bond coat layer of the thermal barrier coating proximate
the strain tolerance grooves.

[0009] When introducing elements of various embodi-
ments disclosed herein, the articles "a," "an," "the," and
"said" are intended to mean that there are one or more of
the elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that there
may be additional elements other than the listed ele-
ments.

[0010] Unless otherwise indicated, approximating lan-
guage, such as "generally," "substantially," and "about,"
as used herein indicates that the term so modified may
apply to only an approximate degree, as would be re-
cognized by one of ordinary skill in the art, rather than to
an absolute or perfect degree. Accordingly, a value mod-
ified by a term or terms such as "about," "approximately,”
and "substantially" is not to be limited to the precise value
specified. In at least some instances, the approximating
language may correspond to the precision of an instru-
ment for measuring the value. Additionally, unless other-
wise indicated, the terms "first," "second," etc. are used
herein merely as labels, and are not intended to impose
ordinal, positional, or hierarchical requirements on the
items to which these terms refer. Moreover, reference to,
forexample, a"second" item does notrequire or preclude
the existence of, for example, a "first" or lower-numbered
item or a "third" or higher-numbered item.

[0011] FIG.1isaschematicillustration of anexemplary
turbine engine component 100. The component 100 may
be any of a variety of component types used in a variety of
turbine engine applications, such as, for example, com-
ponents utilized in high temperature applications. In
some embodiments, the component 100 may be a tur-
bine blade, compressor blade, vane, nozzle, shroud,
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rotor, transition piece, and/or rotor casing. In other em-
bodiments, the component 100 may be any other com-
ponent of a turbine engine. In the exemplary embodi-
ment, the component 100 includes a base metal 102 and
athermal barrier coating 104. The thermal barrier coating
104 may facilitate improving the thermal protection of the
base metal 102 from exposure to high temperatures
during use.

[0012] Inthe exemplary embodiment, the thermal bar-
rier coating 104 includes a metallic bond coat layer 106
that contacts the base metal 102. The thermal barrier
coating 104 may also include a plurality of thermal in-
sulating layers 108. For example, in the illustrated em-
bodiment, the thermal barrier coating 104 includes a first
thermal insulating layer 108a and a second thermal in-
sulating layer 108b. In some embodiments, the thermal
barrier coating 104 may include more or less than two
thermal insulating layers 108.

[0013] Generally, the thermal barrier coating 104 may
include any material known in the art that facilitates the
methods of thermal protection described herein. For
example, the first thermal insulating layer 108 and/or
the second thermal insulating layer 108b may include
one or more materials having one or more material
properties that facilitate thermal protection of the metallic
bond coat layer 106 of the thermal barrier coating 104
from the high operating temperatures of the component
100. In the exemplary embodiment, the one or more
materials included in the first thermal insulating layer
108 and/or the second thermal insulating layer 108b have
the material property of a chemical composition.

[0014] Generally, the chemical composition of the one
or more materials included in the first thermal insulating
layer 108 and/or the second thermal insulating layer 108b
may include any chemical composition properties that
facilitate the methods of thermal protection described
herein. For example, adjustments of geometry (e.g., an
element geometry and/or a composition geometry), a
length, and/or a ratio (e.g., a molar ratio, a weight ratio,
and/or a volume ratio) can adjust the size, shape, and
properties of the one or more materials included in the
first thermal insulating layer 108 and/or the second ther-
mal insulating layer 108b. In some embodiments, the
chemical composition may vary across the thermal in-
sulating layers 108. For example, the chemical composi-
tion of the firstthermal insulating layer 108 may differ from
the chemical composition of the second thermal insulat-
ing layer 108b. In other embodiments, the chemical
composition may be substantially the same for all thermal
insulating layers 108. For example, the chemical compo-
sition of the first thermal insulating layer 108 may be
substantially the same as the chemical composition of
the second thermal insulating layer 108b.

[0015] FIG. 2 is a schematic illustration of an exemp-
lary turbine engine component 200. The component 200
illustrated in FIG. 2 is similar to the component 100
(shown in FIG. 1), with the differences noted below,
and as such, the same reference numbers are used to
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identify the same component in FIG. 2 as were used in
FIG. 1. The high temperatures in which the component
200 is used may strain the structure of the thermal barrier
coating 104. As such, as is known in the art, the thermal
barrier coating 104 may include vertical microcracks to
facilitate increasing the strain tolerance of the thermal
barrier coating 104. In the exemplary embodiment, the
thermal barrier coating 104 includes a plurality of grooves
202 that facilitate improving strain tolerance of the ther-
mal barrier coating 104.

[0016] Inthe exemplary embodiment, the grooves 202
extend from an upper surface 112 of the thermal barrier
coating 104 inwardly towards the base metal 102 of the
component 200, such that a depth 114 of each of the
grooves 202 extends to a bottom 116 of the grooves 202
defined within the second thermalinsulating layer 108b of
the thermal barrier coating 104. Although seven grooves
202 are illustrated in FIGs. 2-7, the thermal barrier coat-
ing 104 may include more or less than seven grooves
202, and as such, the illustration of a specific number of
grooves 202 is not intended to be limiting. In addition,
although depicted as the grooves 202 each having ap-
proximately the same depth 114, in alternative embodi-
ments, at least one groove 202 may be formed with a
different depth 114 than at least one other groove 202.
Furthermore, although grooves 202 are depicted as
being substantially equi-spaced across component 200
and are substantially parallel to each other, in alternative
embodiments, grooves 202 may be spaced in any or-
ientation and/or may be aligned in any direction relative to
each other that enables grooves 202 to facilitate improv-
ing the strain tolerance of thermal barrier coating 104.
[0017] Inthe exemplary embodiment, the shape of the
grooves 202 is blunted or rounded at the bottom 116 to
facilitate reducing cracking of the thermal barrier coating
104. For example, the bottom 116 of each groove 202
may be formed with a radius or be semi-elliptical. In other
embodiments, grooves 202 may have any other shape,
such as being generally triangular-shaped, that enables
grooves 202 to facilitate improving the strain tolerance of
thermal barrier coating 104 without increasing the like-
lihood of cracking forming.

[0018] FIG. 3 is a schematic illustration of an exemp-
lary turbine engine component 300. The component 300
illustrated in FIG. 3 is similar to the component 100
(shown in FIG. 1) and the component 200 (shown in
FIG. 2), with the differences noted below, and as such,
the same reference numbers are used in FIG. 3 to identify
the same components aswere used in FIGS. 1and 2. The
thermal barrier coating 104 includes the plurality of
grooves 202 to facilitate improved strain tolerance of
the thermal barrier coating 104. More specifically, in
the exemplary embodiment, each groove 202 extends
from the upper surface 112 of the thermal barrier coating
104 inwardly towards the base metal 102 of the compo-
nent 300, such that the depth 114 of each groove 202 is
defined at its bottom 116 within the second thermal
insulating layer 108b of the thermal barrier coating
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104. Accordingly, the depth 114 of each groove 202
illustrated in FIG. 3 is deeper than the depth 114 of each
groove 202 illustrated in FIG. 2.

[0019] FIG. 4 is a schematic illustration of an exemp-
lary turbine engine component 400. The component 400
illustrated in FIG. 4 is similar to the component 100
(shown in FIG. 1), the component 200 (shown in FIG.
2), and the component 300 (shown in FIG. 3), with the
differences noted below, and as such, the same refer-
ence numbers are used in FIG. 4 to identify the same
components as were used in FIGS. 1-3. The thermal
barrier coating 104 includes the plurality of grooves
202 to facilitate improved strain tolerance of the thermal
barrier coating 104. More specifically, in the exemplary
embodiment, each groove 202 extends from the upper
surface 112 of the thermal barrier coating 104 inwardly
towards the base metal 102 of the component 300, such
that the depth 114 of each groove 202 is defined at its
bottom 116 at a junction 117 between the first thermal
insulating layer 108 and the metallic bond coat layer 106.
Accordingly, the depth 114 of each groove 202 illustrated
in FIG. 4 is deeper than the depth 114 of each groove 202
illustrated in FIGS. 2 and 3.

[0020] In the exemplary embodiment, a thickness 118
of the thermal barrier coating 104 is defined by the
combined thicknesses of all of the individual thermal
insulating layers 108 (e.g., the first thermal insulating
layer 108a and the second thermal insulating layer
108b) as measured from the upper surface 112 of the
thermal barrier coating 104 to the junction 117 defined
between the first thermal insulating layer 108 and the
metallic bond coat layer 106. For example, in the illu-
strated embodiments of FIGs. 2-4, the thickness 118 of
the thermal barrier coating is defined as the combined
thicknesses of the first thermal insulating layer 108 and
the second thermal insulating layer 108b.

[0021] In the exemplary embodiment, each of the
groove bottoms 116 is defined an intermediate distance
120 from the junction 117 defined between the first ther-
mal insulating layer 108 and the metallic bond coat layer
106. Asseenin FIGS. 2-4, the intermediate thickness 120
is smaller than the overall thickness 118 of the thermal
barrier coating 104. Thus, at the bottoms 116 of the
grooves 202, the thermal barrier coating 104 provides
less thermal protection between the high environmental
operating temperatures of the component (e.g., the com-
ponents 200, 300, 400) and the metallic bond coat layer
106. Without the present invention, the increased proxi-
mity to the high operation temperatures (e.g., because
the metallic bond coat layer 106 has less thermal barrier
coating 104 extending across it at each groove bottom
116), the likelihood of oxidation and/or degradation of the
metallic bond coat layer 106 at such locations, relative to
the thermal barrier coating 104, is increased.

[0022] FIGS. 5-7 are schematic illustrations of the
turbine engine components (e.g., the components 200,
300, 400) including an insulating filler material 502 de-
posited within at least one of the plurality of grooves 202
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of the thermal barrier coating 104. In the exemplary
embodiment, the insulating filler material 502 enhances
the thermal protection provided at relative locations
across the thermal barrier coating 104 in which less
thermal barrier coating 104 extends across the metallic
bond coat layer 106 (e.g., locations such as the bottom
116 of each groove 202).

[0023] Generally, the insulating filler material 502 may
be any material known in the art that facilitates enhancing
thermal protection of the components as described here-
in. For example, the insulating filler material 502 may
have one or more material properties that facilitates
enhancing thermal protection of the base metal 102 of
the component (e.g., the components 200, 300, 400) and
the metallic bond coat layer 106from the high environ-
mental operating temperatures that each component
may be exposed to.

[0024] In the exemplary embodiment, the insulating
filler material 502 is variably selected to have intrinsic
material properties of a desired chemical composition
and porosity. For example, the material selected may be
chosen to have chemical composition properties that
facilitate a desired level of thermal protection described
herein. For example, adjustments of geometry (e.g., an
element geometry and/or a composition geometry),
length, and/or ratio (e.g., a molar ratio, a weight ratio,
and/or a volume ratio) can enable the size, shape, and
properties of the insulating filler material 502 to be vari-
ably selected and adjusted.

[0025] Additionally, generally, the insulating filler ma-
terial 502 may be selected to include any porosity proper-
ties that facilitate the methods of thermal protection de-
scribed herein. For example, the material can be variably
selected to include desired particle density, particle size
distribution, and/or particle shape properties.

[0026] FIGS. 5A and 5B are schematic illustrations of
the component 200, wherein the insulating filler material
502 substantially fills (shown in FIG. 5A) and partially fills
(shown in FIG. 5B) each of the grooves 202. FIGS. 6A
and 6B are schematic illustrations of the component 300,
wherein the insulating filler material 502 substantially fills
(shown in FIG. 6A) and partially fills (shown in FIG. 6B)
each of the grooves 202. FIGS. 7A and 7B are schematic
illustrations of the component 400, wherein the insulating
filler material 502 substantially fills (shown in FIG. 7A)
and partially fills (shown in FIG. 7B) each of the grooves
202. The grooves 202 may include any amount of insu-
lating filler material 502, such that at least some grooves
202 may remain empty while other grooves 202 are
completely filled with the insulating filler material 502.
As such, the amount of insulating filler material 502
inserted within the grooves 202 is not intended to be
limited by the amounts shown in FIGS. 5-7.

[0027] Additionally, the amount of insulating filler ma-
terial inserted into the grooves 202 may not be uniform
across the component (e.g., component 200, 300, 400).
As such, although FIGS. 5-7 illustrate a substantially
uniform amount of insulating filler material 502 inserted
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within the grooves 202, the illustrations are exemplary
only and are notintended to be limiting with respect to the
amount and/or the displacement of insulating filler ma-
terial 502 inserted within the grooves 202. Generally, the
amount of insulating filler material 502 each groove 202
receives is based on the type, size, and/or shape of the
component (e.g., component 200, 300, 400), for exam-
ple. More specifically, certain types of components an-
d/or specific areas of a component may be more severely
impacted by the high operation temperatures, or exposed
to higher environmental operating temperatures than
other areas of the component. Thus, within such compo-
nents, the grooves 202 may receive an increased amount
ofinsulating filler material 502 as compared to other types
and/or areas of the same component.

[0028] In the exemplary embodiment, the amount
(e.g., depth) of the insulating filler material 502 deposited
in the grooves 202 may also depend on the application
process used for depositing the insulating filler material
502. For example, in some embodiments, the insulating
filler material 502 may be deposited in the grooves 202 as
a slurry or sprayed across the component (e.g., compo-
nent 200, 300, 400). In one embodiment, the insulating
filler material 502 may be a yttria-based material applied
in the form of slurry. In some embodiments, the insulating
filler material 502 may be an oxide-based mixture or
slurry, such as, but not limited to, a zirconia-based mix-
ture or slurry. In other embodiments, the insulating filler
material 502 may be a zirconia-based mixture or slurry
that may also include silicon, aluminum, and/or rare
earths.

[0029] The amount of the insulating filler material 502
in the grooves 202 may also be controlled by the type of
and/or amount of application of the insulating filler ma-
terial 502. For example, to increase the amount of in-
sulating filler material 502 (e.g., to increase a depth of the
insulating filler material 502 deposited in the grooves
202), multiple passes of a spray application may be
performed. In some embodiments, a heat treatment
may be applied to the component (e.g., component
200, 300, 400) after the insulating filler material 502 is
deposited within the grooves 202. In other embodiments,
a reactive sintering process may occur as the insulating
filler material 502 is applied to the component (e.g.,
component 200, 300, 400).

[0030] The amount of the insulating filler material 502
in the grooves 202 may also be controlled by the type of
mixture of the insulating filler material 502. For example,
the mixture of the insulating filler material 502 may be
varied based on the powder size of the mixture to facil-
itate improving the fill of the grooves 202 by the insulating
filler material 502. The powder size of the mixture may be
increased or decreased to enable improved filling along
the length of the grooves 202, facilitating an improved
depth of thermal protection (e.g., both oxidation protec-
tion and heat protection) that is provided through the
thickness of the coating in the grooves 202.

[0031] Exemplary methods for depositing insulating
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filler material into strain tolerance grooves of a thermal
barrier coating to improve the thermal protection of the
turbine engine components are described herein. The
exemplary systems and methods as described herein
provide several advantages over conventional designs
and processes, including improved thermal protection of
aturbine engine component, improved strain tolerance of
the thermal barrier coating extending across the turbine
engine component, and extending the useful life of the
turbine engine component by facilitating the reduction of
the effects of prolonged exposure to high operating tem-
peratures, including a reduction in the oxidation and
degradation of the turbine component at the locations
of the strain tolerance grooves formed within the thermal
barrier coating.

[0032] The above descriptionis meanttobe exemplary
only, and one skilled in the art will recognize that changes
may be made to the embodiments described without
departing from the scope of the invention disclosed.
Modifications, which fall within the scope of the present
invention, will be apparent to those skilled in the art, in
light of a review of this disclosure, and such modifications
are intended to fall within the appended claims. The
systems and methods described herein are not limited
to the specific embodiments described herein, but rather
portions of the various systems may be utilized indepen-
dently and separately from other systems and methods
described herein.

[0033] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. Moreover,
references to "one embodiment" in the above description
are not intended to be interpreted as excluding the ex-
istence of additional embodiments that also incorporate
the recited features. In accordance with the principles of
theinvention, any feature of adrawing may be referenced
and/or claimed in combination with any feature of any
other drawing.

[0034] Furtheraspects of the invention are provided by
the subject matter of the following clauses:

[0035] A method of forming a component, the method
comprising: applying a thermal barrier coating to the
component to facilitate decreasing heat transfer to the
component, wherein the thermal barrier coating com-
prises at least one thermal insulating layer and a metallic
bond coat layer, wherein the at least one thermal insulat-
ing layer extends across the metallic bond coat layer and
wherein the metallic bond coat layer is in contact with an
outer surface of the component; forming a plurality of
grooves in the at least one thermal insulating layer of the
thermal barrier coating to facilitate increasing a strain
tolerance of the thermal barrier coating, wherein each of
the plurality of grooves extends a depth into the at least
one thermal insulating layer; and depositing a material
within the plurality of grooves to facilitate increasing an
amount of thermal protection of the metallic bond coat
layer within those areas of the thermal barrier coating in
which the plurality of grooves are formed.
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[0036] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves comprises depositing the material
in a slurry form.

[0037] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves comprises depositing the material
in a spray form.

[0038] The method in accordance with any of the pre-
ceding clauses, wherein applying the thermal barrier
coating to the component comprises applying a first
thermal insulating layer across the component and a
second thermal insulating layer across at least a portion
of the first thermal insulating layer.

[0039] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend into the second thermal
insulating layer.

[0040] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend through the second
thermal insulating layer and at least partially into the first
thermal insulating layer.

[0041] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend through the second and
first thermal insulating layers to contact the metallic bond
coat layer.

[0042] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material within the plurality of grooves to facilitate de-
creasing an amount of degradation of the component
within those areas of the thermal barrier coating including
the plurality of grooves.

[0043] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material to fill an entirety of each of the plurality of
grooves.

[0044] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material to fill only a portion of the plurality of grooves.
[0045] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material within the plurality of grooves to facilitate de-
creasing an amount of oxidation of the component within
those areas of the thermal barrier coating including the
plurality of grooves.

[0046] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming each groove with a bottom surface
that is defined by a radius.
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[0047] A method of fabricating a turbine engine com-
ponent, the method comprising: applying a thermal bar-
rier coating to the component to facilitate decreasing heat
transfer to the component, wherein the thermal barrier
coating comprises at least one thermal insulating layer
and a metallic bond coat layer, wherein the at least one
thermal insulating layer extends across the metallic bond
coat layer and wherein the metallic bond coat layer is in
contact with an outer surface of the component; forming a
plurality of grooves in the at least one thermal insulating
layer of the applied thermal barrier coating to facilitate
increasing a strain tolerance of the thermal barrier coat-
ing, wherein each of the plurality of grooves extends into
a depth into the at least one thermal insulating layer to a
groove bottom along a line perpendicular to the metallic
bond coat layer; and depositing a material within the
plurality of grooves to facilitate increasing an amount
of thermal protection of the metallic bond coat layer that
is proximate to the line of extension of each of the plurality
of grooves.

[0048] The method in accordance with any of the pre-
ceding clauses, wherein applying the thermal barrier
coating to the component comprises applying a first
thermal insulating layer across the component and a
second thermal insulating layer across at least a portion
of the first thermal insulating layer.

[0049] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend into the second thermal
insulating layer.

[0050] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend through the second
thermal insulating layer and at least partially into the first
thermal insulating layer.

[0051] The method in accordance with any of the pre-
ceding clauses, wherein forming the plurality of grooves
comprises forming the plurality of grooves such that at
least some of the grooves extend through the second and
first thermal insulating layers to contact the metallic bond
coat layer.

[0052] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material within the plurality of grooves to facilitate de-
creasing an amount of degradation of the component that
is proximate to the line of extension of each of the plurality
of grooves.

[0053] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
material to fill an entirety of each of the plurality of
grooves.

[0054] The method in accordance with any of the pre-
ceding clauses, wherein depositing the material within
the plurality of grooves further comprises depositing the
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material to fill only a portion of the plurality of grooves.
[0055] While the invention has been describedinterms
of various specific embodiments, those skilled in the art
will recognize that the invention can be practiced with
modification within the spirit and scope of the claims.

Claims

1. Amethod of forming a component, the method com-
prising:

applying a thermal barrier coating to the compo-
nent to facilitate decreasing heat transfer to the
component, wherein the thermal barrier coating
comprises at least one thermal insulating layer
and a metallic bond coat layer, wherein the at
least one thermal insulating layer extends
across the metallic bond coat layer and wherein
the metallic bond coat layer is in contact with an
outer surface of the component;

forming a plurality of grooves in the at least one
thermal insulating layer of the thermal barrier
coating to facilitate increasing a strain tolerance
of the thermal barrier coating, wherein each of
the plurality of grooves extends a depth into the
at least one thermal insulating layer; and
depositing a material within the plurality of
grooves to facilitate increasing an amount of
thermal protection of the metallic bond coatlayer
within those areas of the thermal barrier coating
in which the plurality of grooves are formed.

2. The method of claim 1, wherein depositing the ma-
terial within the plurality of grooves comprises de-
positing the material in a slurry form.

3. The method of claim 1, wherein depositing the ma-
terial within the plurality of grooves comprises de-
positing the material in a spray form.

4. The method of claim 1, wherein applying the thermal
barrier coating to the component comprises applying
a first thermal insulating layer across the component
and a second thermal insulating layer across at least
a portion of the first thermal insulating layer.

5. The method of claim 4, wherein forming the plurality
of grooves comprises forming the plurality of grooves
such that atleast some of the grooves extend into the
second thermal insulating layer.

6. The method of claim 4, wherein forming the plurality
of grooves comprises forming the plurality of grooves
such that at least some of the grooves extend
through the second thermal insulating layer and at
least partially into the first thermal insulating layer.



10.

1.

12.

13.

13 EP 4 509 640 A1 14

The method of claim 4, wherein forming the plurality
of grooves comprises forming the plurality of grooves
such that at least some of the grooves extend
through the second and first thermaliinsulating layers
to contact the metallic bond coat layer.

The method of claim 7, wherein depositing the ma-
terial within the plurality of grooves further comprises
depositing the material within the plurality of grooves
to facilitate decreasing an amount of degradation of
the component within those areas of the thermal
barrier coating including the plurality of grooves.

The method of claim 1, wherein depositing the ma-
terial within the plurality of grooves further comprises
depositing the material to fill an entirety of each of the
plurality of grooves.

The method of claim 1, wherein depositing the ma-
terial within the plurality of grooves further comprises
depositing the material to fill only a portion of the
plurality of grooves.

The method of claim 1, wherein depositing the ma-
terial within the plurality of grooves further comprises
depositing the material within the plurality of grooves
to facilitate decreasing an amount of oxidation of the
component within those areas of the thermal barrier
coating including the plurality of grooves.

The method of claim 1, wherein forming the plurality
of grooves comprises forming each groove with a
bottom surface that is defined by a radius.

A method of fabricating a turbine engine component,
the method comprising:

applying a thermal barrier coating to the compo-
nent to facilitate decreasing heat transfer to the
component, wherein the thermal barrier coating
comprises at least one thermal insulating layer
and a metallic bond coat layer, wherein the at
least one thermal insulating layer extends
across the metallic bond coat layer and wherein
the metallic bond coat layer is in contact with an
outer surface of the component;

forming a plurality of grooves in the at least one
thermal insulating layer of the applied thermal
barrier coating to facilitate increasing a strain
tolerance of the thermal barrier coating, wherein
each of the plurality of grooves extends into a
depth into the at least one thermal insulating
layer to a groove bottom along a line perpendi-
cular to the metallic bond coat layer; and
depositing a material within the plurality of
grooves to facilitate increasing an amount of
thermal protection of the metallic bond coat layer
that is proximate to the line of extension of each
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of the plurality of grooves.

14. The method of claim 13, wherein applying the ther-

mal barrier coating to the component comprises
applying a first thermal insulating layer across the
component and a second thermal insulating layer
across at least a portion of the first thermal insulating
layer.

15. The method of claim 14, wherein forming the plurality

of grooves comprises forming the plurality of grooves
such that atleast some of the grooves extend into the
second thermal insulating layer.



100
/




EP 4 509 640 A1

112 118 120 116—_ 114 ff-ZOZ

104<

...... Tl e ,-....'.'_/"102

FIG. 2

10



EP 4 509 640 A1

7

RRRS (b

112

FIG. 3

1"



EP 4 509 640 A1

112

104 [

117—/"'.':'-'"‘-'_'"'."":'::"":'.'":'-.""" ..... -.:.:

R AT L 102

FIG. 4

12



EP 4 509 640 A1

112-\\ 18—~ 120~ 16— 114 502

( 202
N DAMI€MN
104< [i0 Bh S BRI
. 1 _—108a
i o
17— SRR

104< [

117—7.

13



EP 4 509 640 A1

1044 [ihing

1171 ... e

Ce e _/‘102

112 118—. 120 116 114 502

\ QAN ANN
104< 5..:': I DS :

117_/ ..... R

102

14



EP 4 509 640 A1

117_/

______ L _/_102

1044 [

117—’;' """"" R PR

e e ol 102

15



10

15

20

25

30

35

40

45

50

55

EP 4 509 640 A1

9

des

Europaisches
Patentamt

European

Patent Office EU ROPEAN SEARCH REPORT

Office européen

Application Number

brevets EP 24 18 9967

=

EPQ FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2009/017260 Al (RKULKARNI ANAND A [US] 1-15 INV.
ET AL) 15 January 2009 (2009-01-15) C23C28/04
* claims 1-20 * c23c4/18
* paragraphs [0026] - [0034], [0040] - F01D5/28
[0045] * c23C28/00
* figures 3b, 3¢, 7-8 * C23C4/04
X EP 3 455 393 B1 (GEN ELECTRIC [US]) 1,3,4,
11 January 2023 (2023-01-11) 7-15
* paragraphs [0017] - [0019], [0022] -
[0026] *
* paragraphs [0033] - [0036], [0040] *
* claims 1-14 *
X US 2018/066527 Al (KADAU KAI [US] ET AL) 1-3,9-15
8 March 2018 (2018-03-08)
* claims 1,15-17 *
* paragraphs [0017] - [0020] =*
* paragraphs [0074] - [0077], [0079] -
[0084] *
_____ TECHNICAL FIELDS
SEARCHED  (IPC)
X US 2005/158590 Al (LI CHIEN-WEI [US]) 1-3,10,
21 July 2005 (2005-07-21) 12,13 c23¢C
* claims 1-6; figures 1-2 * FO1D

* paragraphs [0016] - [0027] *
* paragraphs [0033] - [0046] *
* paragraphs [0053] - [0065] *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague 29 November 2024 Ovejero, Elena

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone
Y : particularly relevant if combined with another
document of the same category

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

A technological background e et
O : non-written disclosure & : member of the same patent family, corresponding

P :intel

rmediate document document

16




EP 4 509 640 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 24 18 9967

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

29-11-2024
Patent document Publication Patent family Publication

cited in search report date member(s) date

UsS 2009017260 Al 15-01-2009 EP 2283169 Al 16-02-2011
us 2009017260 Al 15-01-2009
WO 2009126194 A1l 15-10-2009

EP 3455393 Bl 11-01-2023 CA 3022956 Al 16-11-2017
CN 109415816 A 01-03-2019
EP 3455393 Al 20-03-2019
JP 6788035 B2 18-11-2020
JP 2019518137 A 27-06-2019
uUs 2017321559 A1l 09-11-2017
WO 2017196905 Al 16-11-2017

US 2018066527 Al 08-03-2018 NONE

UsS 2005158590 Al 21-07-2005 us 2005158590 Al 21-07-2005
us 2008038578 Al 14-02-2008
us 2009098346 Al 16-04-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17




	bibliography
	abstract
	description
	claims
	drawings
	search report

